Quantitative Literacy is a competence as important as general literacy; yet, while writing requirements are seemingly ubiquitous across the college curriculum, quantitative literacy requirements are not. The current project provides preliminary evidence of the reliability and validity of a quantitative literacy measure suitable for delivery online. A sample of 188 undergraduate students from Miami University, a midsize university in the midwestern U.S., participated in the current study. Scores on the measure, were inversely related to statistical/mathematical anxiety measures, directly related to subjective assessment of numeracy, and did not differ across gender or year in school. The resulting measure provides a reasonable tool and method of assessing quantitative literacy at a midsize university.
Introduction
Quantitative Literacy (QL) broadly refers to one's ability "to apply simple mathematical methods to the solution of real-world problems" according to the Sons Report (Sons 1996) of the Subcommittee on Quantitative Literacy Requirements of the Mathematical Association (MAA) Committee on the Undergraduate Program in Mathematics (CUPM). While numeracy or quantitative reasoning is a key learning outcome for college graduates (Sons 1996; AAC&U 2011) , it is unclear that every college graduate can apply mathematical methods to solve problems in everyday life.
Specifically, the Sons Report continues, a quantitative literate graduate should be able to:
1. "Interpret mathematical models, such as formulas, graphs, tables, and schematics and draw inferences from them.
2. Represent mathematical information symbolically, visually, numerically, and verbally.
3. Use arithmetical, algebraic, geometric, and statistical methods to solve problems.
4. Estimate and check answers to mathematical problems in order to determine reasonableness, identify alternatives, and select optimal results.
5. Recognize that mathematical and statistical methods have limits." (Sons 1996) .
These two quotations provide a framework to discuss the level of QL in the United States. It is estimated that approximately half the adults in the U.S. have very basic or lower quantitative skills (Kirsch et al. 2002; Kutner et al. 2006) . Like verbal literacy, QL is positively related to important outcomes (for an exception see Butcher, McEwan, and Taylor 2010) . For instance, there is a relationship between QL and understanding health outcomes. Fagerlin et al. (2007) found that those with self-reported high QL ability, compared with those with a low QL ability, have an easier time interpreting health-related data and thereby make more sound medical decisions. Rothman et al. (2006) relate numeracy (another name for QL) to understanding nutrition labels; those with lower numeracy had a more difficult time making interpretations necessary for sound nutritional decisions. In addition, patients with higher levels of numeracy were able to understand better how mammography reduces risk (Schwartz et al. 1997) . Furthermore, QL skills are crucial for a higher probability of employment (Rivera-Batiz 1992) and advancement within a job. However, only 32% of surveyed employers, in one survey, agree that college graduates are very well prepared in this area (Peter D. Hart Research Associates Inc. 2008) . Finally, those with lower numeracy were more susceptible to framing effects (i.e., the propensity to choose positively over negatively worded outcomes even when the options are substantively equivalent) and more likely to be influenced by "competing, irrelevant affective considerations," (Peters et al. 2006, p. 407 ) making them generally poorer decision makers.
In light of the importance of QL skills, organizations such as the AAC&U recommend that colleges and universities make QL skills and the assessment of those skills a priority (AAC&U 2011) . Complementing the list of skills from the Sons Report (Sons 1996) and the VALUE rubric (AAC&U 2011), the current study sought to develop an assessment of QL appropriate for a midsize university.
Background

Quantitative Literacy: A Definition
While many readers are undoubtedly aware of the numerous QL definitions (e.g., Steen 2001; Madison and Steen 2008; Nelson et al. 2008; Steele and Kilic-Bahi 2008) , a few key definitions are highlighted below. Common to all of the definitions is that QL is the ability to apply mathematical operations to real-world problems. For example, Kirsch and colleagues (1993, pp. 3−4) suggest that it is the knowledge and skills required to apply arithmetic operations, either alone or sequentially, using numbers embedded in printed material (e.g., balancing a checkbook, completing an order form)." Montori and Rothman (2005, p. 1070) further clarify this definition by stating that the specific aspect of literacy that involves solving problems requiring understanding and use of quantitative information is sometimes called numeracy. Numeracy skills include understanding basic calculations, time and money, measurement, estimation, logic and performing multistep operations. Most importantly, numeracy also involves the ability to infer what mathematical concepts need to be applied when interpreting specific situations, and to use this information to problem solve.
The AAC&U (2011) and Sons report (1996) contend that quantitative reasoning is a habit of mind that is to be used in everyday life situations. In short, QL is one's ability to use mathematics and statistics in everyday life.
Defining QL requires not only enumerating the skills that define it, but also distinguishing the concept from other, more familiar learning outcomes. In short, it is as important to specify what quantitative literacy is not as what it is. Lynn Steen, one of the founders of the QL movement, makes the point that quantitative literacy is not simply mathematics or statistics (Steen 2001 (Steen , 2004 . While mathematics deals with abstract concepts, QL focuses on decision making and problem solving in real-world situations. As a result, someone could be highly proficient in advanced mathematics without possessing quantitative literacy.
Several institutions for higher education have sought to develop QL requirements, based on one or more of the QL definitions (Ward et al. 2010) .
1 For example, at Vassar College, New York, students must take a QL course before their third year (Vassar College 2010) . Hollins University, Virginia, has instituted QL in a variety of courses across the curriculum (Diefenderfer, Doan, and Salowey 2004) . Hamilton College, New York, has a center for QL and a course requirement (Hamilton College 2010) . Furthermore, the state of Washington created quantitative reasoning as an "incentive initiative" (Davidson and McKinney 2001) . In addition, the State Council of Higher Education for Virginia (2006) names "Quantitative Reasoning" as one of the six core competencies for public institutions.
While QL by itself is important, it cannot be examined in isolation. Fear of math, numbers, or statistics is a common affliction that can inhibit students from performing well on exams in a statistics course (Keeley, Zayac, and Correia 2008) . Moreover, efforts that enhance the "mathematical self-efficacy" of students also raise test scores (Maier and Curtin 2005) . Increasing students' comfort and confidence in using numerical concepts has been shown to be important for evaluating student performance in an individual class (Bos and Schneider 2009 ) and a university-wide QL program (Steen 2001 (Steen , 2004 . In sum, a successful QL program should leave students with a lasting command of using numbers in their lives, in addition to lowering student anxiety-or conversely improving their confidence-towards mathematical and statistical topics.
Quantitative Literacy: Assessment
Assessments of broad learning outcomes like QL can serve a variety of needs from an institutional perspective and have been recommended by the AAC&U (2011). Assessment can provide an institution with baseline data on how students are doing at the current time period. Institutions can use an assessment to place students in courses or allow them to place out of particular requirements. Assessments can be used to gauge the effectiveness of a particular intervention, or even to set measures of success for graduating seniors (Gardner 2006) . In short, assessment can assist in the planning of QL curriculum and courses, improvement of teaching practices, and improvement of undergraduate education in general (AAC&U 2011).
The approach to the assessment of QL varies widely across institutions. Although the currently available assessments provide a variety of different options for assessing QL, many fit a narrow set of goals rather than addressing the many facets of QL. The assessment used by Dartmouth College, New Hampshire (Korey 2000) , and Lawrence University, Wisconsin (Jordan and Haines 2006) , asks students to rate their beliefs on four factors: (1) confidence in QL competency, (2) perceived utility of QL, (3) positive beliefs about QL, and (4) the level of interest in QL. This type of assessment incorporates beliefs about math and statistics, which is only a portion of many definitions of quantitative literacy. Colby-Sawyer College, New Hampshire (Steele and Kilic-Bahi 2010) , developed the following three measures of quantitative literacy: (1) a basic skills test, (2) a QL skill test, and (3) a survey measuring the attributes of quantitative learning (i.e., self-confidence, anxiety, value, enjoyment, and motivation). In addition, Colby-Sawyer College created a rubric for evaluating senior projects on their use of QL. Donna Sundre and colleagues (Sundre 2008; Sundre and Thelk 2010) of James Madison University, Virginia, developed a 26-item multiple-choice assessment that focuses on two areas: "the ability to use graphical, symbolic, and numerical methods to analyze, organize, and interpret natural phenomenon" and "the ability to discriminate between association and causation and identify the types of evidence used to establish causation" (Sundre 2008) . While Taylor (2009) calls this assessment "deep"-it asks enough questions to accurately measure the concepts-she also cites that its weakness is that it is "narrow" and reflects only two important areas. In addition, Ellington and Havor (2006) at Virginia Commonwealth University have a test with questions on topics such as unit analysis, interpretation of charts and graphs, proportional reasoning, counting principles, general percentages, percentage increase or decrease, the use of mathematical formulas, averages, and exponential growth. Unfortunately, not all these assessments are publically available nor do they meet all of the major components of quantitative literacy defined above.
Quantitative Literacy Learning Outcomes
Prior to developing our QL assessment, we developed learning outcomes to guide the measurement development process. The Sons Report (1996) and the AAC&U VALUE rubric (2011) inspired the process. Based on these reports, there are five broad requirements (see Table 1 ). For example, students should be able to "interpret" and "represent" mathematical information. In addition, students should be able to use various mathematical methods to solve problems and they should be able to "estimate and check answers to mathematical problems in order to determine reasonableness" (Sons 1996) . Finally, students should recognize the limitations of various mathematical and statistical models. • Develop a greater respect for scientific studies and data produced from well-designed sample surveys and experiments • Understand the importance of measurement issues • Be aware of the presence or absence of evidence in support of a claim and know various ways to assess the validity of evidence
Recognize that mathematical and statistical methods have limits
• Understand the limits of quantitative data, and explain why some ideas are not amenable to quantification
Objectives Not Otherwise Specified
• Recognize and find quantitative information in their discipline • Have a more positive feeling about the use of quantitative information and be more favorably disposed towards using it A community of Miami University faculty with an interest in quantitative issues was established by the university's Center for the Enhancement of Learning, Teaching, and University Assessment. A Faculty Learning Community (FLC) is "a cross-disciplinary faculty and staff group of six to fifteen members…who engage in an active, collaborative, yearlong program with a curriculum about enhancing teaching and learning with frequent seminars and activities that provide learning, development, the scholarship of teaching, and community building " Cox 2004, p. 8) . As part of weekly meetings, the FLC members read articles on QL, attended a Project Kaleidoscope conference on QL at Carleton College, 2 and consulted with a team from Hollins College. This group developed 17 learning outcomes that linked to a variety of QL definitions (Table 1) . These learning outcomes complement the headings of the requirements from the Sons report (1996) and the AAC&U guidelines (2011). For example these outcomes include "be able to understand interval and rank data, and sets (nominal data)" and "be able to use quantitative data to determine which of two assertions is best" (Sons 1996) .
Unique Challenges for a Midsize University
A number of colleges and universities have implemented QL initiatives. While some of these QL programs have been deployed and assessed, assessing quantitative literacy at a midsize university, like Miami University, poses unique challenges. The main branch of the campus used in the current study consists of approximately 15,000 undergraduate students. There are five different academic colleges/divisions: Arts and Science, Business, Education, Health and Society, Engineering and Applied Science, and Fine Arts (Miami University 2010). The university grants doctoral degrees yet has a strong undergraduate focus. In addition, the university currently has over 70 undergraduate areas of study or major. Given the size and breadth of programs available, implementing a university-wide assessment or even establishing core rubrics for each program at Miami University is a daunting task. Moreover, implementing rubrics for assessing QL portfolios (e.g., VALUE; AAC&U 2011) would likely be relegated into senior capstones (due to the universal nature of the course across the curriculum) thereby limiting the assessment of QL to only one stage of academic development.
Possibly in contrast to smaller institutions, midsize or larger universities need an assessment of QL that is not time-or resource-intensive. For example, at Carleton College, a liberal arts college in Minnesota, professors must evaluate individual student papers for quantitative concepts according to a created rubric as part of their assessment of QL (Grawe, Lutsky, and Tassava 2010) . Colby-Sawyer College, New Hampshire, has QL goals in individual departments and assessment is conducted in first-year seminars and senior capstones (Steele and Kilic-Bahi 2008) . These institutions are smaller than a midsize institution with enrollments of 2,009 and 1,119 undergraduate students respectively (America's Best Colleges 2011). To be practical for a midsize institution, a successful assessment cannot be implemented on a department or course level.
While the majority of the QL initiatives have been employed in smaller universities and colleges, James Madison University, Virginia, is an exception with its 17,000 undergraduates (America's Best Colleges 2011). In a resourceintensive manner, James Madison has an assessment day for students (The Center for Assessment & Research 2010) to assess the QL (and other competencies) of its students. While this method of assessment is effective for this particular university, the resources and institutional commitment are not practical for the assessment of QL at most midsize or larger universities. To respond to this challenge, the current project suggests using minimal resources by allowing students to complete the QL assessment on their own time frame and offer only small monetary incentives for completion of the assessment.
Summary and Purpose of the Current Study
Given the importance of QL with respect to employment (i.e., Peter D. Hart Research Associates Inc. 2008; Rivera-Batiz 1992) , making health care decisions (i.e., Fagerlin et al. 2007; Rothman et al. 2006; Schwartz et al. 1997 ) and sound decision making (Peters et al. 2006 ), assessment of college students' current levels of QL is crucial for institutional learning and development. Assessments of QL have been previously employed at colleges and universities in time-and labor-intensive manners. The purpose of the current project is to develop an assessment appropriate for a midsize university that captures a variety of aspects of QL and is not time-or resource-intensive to administer.
Miami University intends to use this assessment for several purposes. First, the assessment will be used to establish a baseline level of our students' QL skills. Second, the assessment could be used to make the case that our students need further development in their QL skills. Finally, the data can help Miami University gauge the level of QL among graduating seniors.
QL Measurement Development
Several steps were conducted to develop the quantitative literacy measure. Using the FLC learning objectives, potential items were evaluated for inclusion in the assessment. The goal was to map items onto each learning objective without having a disproportionate number of items representing any one objective. Potential items (n = 100+) were selected from a variety of online and published resources. With permission when required, items were selected from delMas (2002), the Assessment Resource Tools for Improving Statistical Thinking (ARTIST) (Garfield et al. 2006) Web site (n = 9), the Lipkus et al. (2001) numeracy scale (n = 2), the Medical Data Interpretation Test (Schwartz et al. 2005 ) (n = 2), and various Web sites (n = 8; BrainMass.com, AceTheDat.com, http://math.ucdenver.edu/~wbriggs/qr). The authors wrote additional items (n = 20) to increase the breadth and depth of the quantitative literacy assessment. The items the authors wrote assessed QL in "ordinary contexts" (e.g., calculation of air temperature, measurements in a cake mix). A large variety of contexts (e.g., baking, temperatures, visiting restaurants, tree growth) were selected to represent a wide selection of interests and to not over-represent any one academic background. Response options for the questions were both multiple choice (with the four options randomized) and fill in the blank.
After several potential items (n = 52) were selected, we held cognitive interviews-where a small number of students from the test population (described below) think aloud while reading the questions/directions, but without answering the questions-to examine the wording of the potential items. The three cognitive interview participants were one sophomore and two juniors. They had three difference academic majors (psychology, exercise science, and dietetics). Items were revised based on these interviews.
Next, three university honors students (two juniors, one senior; dietetics, psychology/pre-med and zoology/creative writing majors) were given the revised QL assessment. They rated the assessment questions for difficulty, face validity (i.e., whether or not the item aligned with the proposed learning objective), and discussed with the primary author their experience of the assessment. Items that required an extensive amount of time (i.e., more than a few minutes) or greatly frustrated the students were evaluated, re-written, or removed from the assessment. After these pre-tests, 44 items of varying difficulties were selected for the data collection. The items for which we have permission to publish here are included in Appendix A (supplemental file).
Methods
Participants
A stratified random sample (across year in school) of student university email addresses (n = 1,500) was generated. Email invitations for the "Miami Reasoning Study" were sent during the fall semester (mid-September) and spring semester (mid-January). Email reminders were sent approximately one week after the initial invitation. The email invitation described the study and provided a link to the online questionnaire. All participants were offered compensation (i.e., $5) for participation and were eligible for prizes.
If participants scored within the top 10% of the assessment, they were entered into a drawing for a digital music player (valued at $300). Participants who scored in the top 20% of the assessment were entered into a drawing for four digital music players (each valued at $50) and ten $50 gift cards. All participants were eligible for a drawing of ten $25 gift cards. Incentives were selected to increase the participants' motivation to participate in the assessment and to do well on the assessment.
The final sample consisted of 188 participants (12.5% response rate). The sample was composed of 119 female students (63%); 55 students with senior standing (29.%); 64 students from higher income families (family income greater than $100K) (34%), and 161 Caucasian students (86%). Participants reported an average age of 20.9 (SD = 1.3) and an average GPA of 3.10 (SD = .54). For the academic year when the data were collected, Miami University was composed of female students (52.2%), students from higher income families (income greater than $100K) (56%), and Caucasian students (84.3%) with an average age of 20. Approximately 34% of the first-year class was in the top 10% of their high school class (Miami University, 2010). Other than a slight oversampling of female students and an under-sampling of high-income students, the sample is very similar to the larger population of students from which it was drawn.
Measures
The QL assessment measure was examined with respect to two published measures. These published measures provide evidence of the validity of the newly developed QL assessment. Cruise et al. 1985; Baloglu 2002) . The STARS utilizes 51 items on a five-point Likert scale to assess students' anxieties when enrolled in a statistical course or completing statistical analyses. Higher scores reflect more anxiety. The STARS measure has six subscales. The first 23 items measure statistics anxiety and are rated from "No Anxiety" to "Very Much Anxiety." The Worth of Statistics has 16 items and measures the perceived relevance of statistics (e.g., "Since I am by nature a subjective person, the objectivity of statistics is inappropriate for me."). The Interpretation Anxiety subscale has 11 items (e.g., "Interpreting the meaning of a table in a journal article."). The Test and Class Anxiety subscale has 8 items (e.g., "Studying for an examination in a statistics course."). The Computation Self-Concept reflects the participant's attitudes toward statistics and has seven items (e.g., "I have not had math for a long time. I know I'll have problems getting through statistics."). The Fear of Asking for Help subscale has four items (e.g., "Going to ask my statistics teacher for individual help with material I am having difficulty understanding."). The final scale of Fear of Statistics Teachers has five items (e.g., "Statistics teachers are so abstract they seem inhuman."). The final items measure dealing with statistics and are rated from "Strongly Disagree" to "Strongly Agree." Items were modified for the current project to include both statistics and mathematics. Even with the modification, subscale levels and internal consistencies were consistent with the published values for the subscales (Cronbach's alphas ranged from .79 to .95; see Table 2 for alphas, means, and standard deviations). Published means and standard deviations are available in Table 2 . Fagerlin et al. 2007; Zikmund-Fisher et al. 2007 ). The SNS assesses numeracy without utilizing mathematical calculations. It assesses the participant's perceived mathematical ability and preference for numerical data. It is an eight-item scale in which the overall average score and two subscales are used. Higher scores reflect a higher perception of one's own numerical ability and higher preference for numerical information. The average overall score was 3.87 (SD = .68). For the Ability subscale, the average score was 3.82 (SD = .90) while the average score on the Preference subscale was 3.91 (SD = .69). The items, published means and standard deviations are presented in Table  3 . The internal consistencies or Cronbach's alphas for the Ability, Preference, and total scale are .80, .84, and .66, respectively.
Statistics Anxiety Rating Scale. (STARS;
Subjective Numeracy Scale. (SNS;
The QL, STARS, and SNS measures were presented in two orders. Order 1 was STARS and SNS first and the QL questions second. Order 2 was QL questions first and STARS and SNS questions second.
Results
The internal consistency of the QL items was assessed using the KuderRichardson formula (K20) which is used in situations where the items are scored dichotomously (i.e., correct/incorrect) and the items have a variety of difficulty levels (see Traub 1994 for a discussion of reliability assessments). The QL items had a K20 of .83 or high internal consistency. The 44 items ranged in difficulty (i.e., 3.2% to 91.0% of the participants getting the items correct; Mean Difficulty of Items, 59.7%; Standard Deviation of Difficulty, 0.22%). These results met the authors' expectations of a QL assessment with good internal consistency and varying levels of difficulty among the items. Having items that were considered difficult and easy keeps the participants interested and yet not overwhelmed. Note: 5 point Likert Scale; For items 1-4 5 = "extremely good"; For item 5 5="extremely helpful"; For item 6 5="always prefer numbers"; For item 7 5="always prefer words"; For item 8 5="Very Often"; *** p<.001; **p<.01; *p<.05
Initial tests examined the QL assessment with respect to the comparison validation measures (STARS and SNS) and the time spent on the assessment. It was expected that the score on the QL assessment would be negatively related to the anxiety measures (the STARS subscales) and positively related to the Subjective Numeracy Scale. In addition, due to the assessment being online and unsupervised, it was anticipated that those who spent more time would also have higher scores on the QL assessment. The total score (i.e., the number of QL items that the participants got correct) and completion time (amount of time the QL assessment was open on the participants' computers) were correlated with the STARS and the SNS using a Pearson's correlation. Five of the six STARS scales were inversely correlated with the total score (see Table 2 ). Consistent with previous research (Keeley, Zayac, and Correia 2008) , as the total score increased the participant's rating of their statistical/mathematical anxiety decreased.
However, there was no correlation between completion time and the anxiety measure. Five of the eight items on the SNS were positively correlated with the total score (see Table 3 ). As total score increased, the participants' perception of their numeracy ability increased. Contrary to expectations, completion time and the items on the SNS were not significantly related. In addition, there was no relationship between the time the exam was open on the participant's computer and overall score, r(186) = -.02, p = .75. Additional analyses examined the relationship between demographic variables (i.e., gender, year in school, and GPA) and the QL assessment total score. The hope of the measurement development process was that the developed assessment would not differ across gender, would differ across year in school, and would be positively related to GPA. Consistent with the expectations of the current study, males and females did not differ on their total score or completion time (Table 4) . Examining the sample for potential confounds, gender differences were examined across the STARS and SNS. Males and females did not differ on the majority of the scales of the STARS and SNS. The two exceptions are that males reported lower statistical interpretation anxiety and higher perceived numerical ability than females (Table 4) . In contrast to expectations, year in school (i.e., freshman, sophomore, junior, senior) did not differ across total score, completion time, the scales of the STARS, or the scales of the SNS (Table 5) . However, freshmen were greatly under-represented in the sample. GPA was significantly related to the overall score, r(181) = .27, p < .001, but was not related to time spent on the exam, r(183) = −.02, p = .84. To examine the QL assessment further, each item on the assessment was examined. It was hypothesized that those with lower levels of anxiety (as measured by the STARS) and higher levels of subjective numeracy would score higher on the QL assessment items. Participants who answered the most difficult QL item correctly had lower statistical/mathematical anxiety and greater perceived numeracy than those who answered it incorrectly. Participants who answered the easiest QL item wrong had lower overall scores and more anxiety than those who got it correct. There was no statistical difference across genders, ethnicities, income, and year in school across the most difficult and easiest questions. (See Table A2 in the appendix for the item analysis).
Several other aspects of the QL assessments can be noted. Eighty participants answered every question. Fill-in-the-blank or explain-your-reasoning questions were most frequently skipped. Only two participants attempted only one question. There were no significant differences between the two orders of the survey (STARS/SNS first, then QL assessment vs. QL assessment first, then STARS/SNS). The participants who attempted every question achieved higher scores.
Discussion
The goal of the current project was to develop a short, non-labor intensive assessment of QL suitable for our midsize university. The discussions of the recent literature during a QL Faculty Learning Community inspired the QL learning outcomes and the subsequent development of the QL assessment. The results from the current project will lead to the use the QL assessment to assist in the planning of QL curriculum, improve teaching practices, and strengthen the skills of our graduates by evaluating students' level of QL over time. This project represents the first step in the process.
The 44-item assessment of Qualitative Literacy provides a broad assessment of the construct as inspired by the QL FLC discussions, the Sons report (1996) , and the AAC&U VALUE rubric (2011). The relatively efficient, internally consistent measure was easy to deliver via an unsupervised Web-based survey. In addition, the measure was related to statistical/mathematical anxiety and subjective numeracy in the predicted ways. Given that statistics/mathematics are not the same as QL (Sons 1996) , it is not surprising that the correlations between the QL assessment and statistical/mathematical anxiety are moderate. However, the correlations are in the hypothesized direction suggesting that as QL increases, statistical/mathematical anxiety decreases. In addition, the QL assessment was related to the Subjective Numeracy scale. As scores on the QL measure increased, perceptions of one's numeracy abilities also increased.
The current study's lack of demographic differences on the assessment is consistent with research that suggests that QL cannot be determined by education level, intelligence, or outward appearance (Nelson et al. 2008) . The lack of demographic differences stresses the equal importance of QL across genders, GPA, and year in school.
However, it was anticipated that participants who were further in their education process (i.e., juniors and seniors) would achieve higher scores on the QL assessment. A combination of factors likely led to our contrary result. First, the relatively low (n = 4) number of first-year students limits the current study's ability to generalize the findings. Based on power analysis estimates using the effect size from the current study, a sample of 274 individuals from each academic level is needed to detect differences in the data. Second, the first-year students who completed the assessment seemed to be academically motivated as seen in their high GPAs and high scores. Future assessments should seek to be sensitive to this selection bias. Next, Miami has not implemented a QL-infused curriculum. Finally, the timing of the assessment was not ideal for across-year comparisons. Due to a university policy, the assessment was not launched until mid-September, four weeks into the fall academic semester. Adjustment to college for the first-year students, and having semester obligations might have led to students who were more conscientious or academically motivated selecting to participate. Future research might examine the timing of the assessment with regards to the academic semester.
Midsize schools face many difficulties when attempting to assess the QL of their students. Generally, it is not practical for a midsize school to conduct a portfolio assessment of the students' QL proficiency. In addition, while some midsize schools have implemented an assessment day to supervise the students while they complete a QL assessment, this option is also resource-intensive. Online assessments permit a midsize school to request the assessment while allowing for the participant to complete it at his or her own pace. The manner of delivery of the assessment (i.e., online and unsupervised) strengthens the applicability of the measure. Participants who spent more time on the QL assessment did not score better, have more anxiety, or have a lower GPA. This manner of assessment does not require a separate "assessment day" or highly intensive scoring. In short, the characteristics of the current study's QL assessment allows for the implementation of the assessment at a midsize university.
Limitations
The current study, while providing an initial examination of a QL assessment, is not without limitations. The sample of students was fairly small and did not provide enough participants to compute split-sample comparisons. In addition, the sample was not diverse enough across race or ethnicity to compute any differences across the measure. Given that the current study was an initial examination of a QL assessment, future studies should seek to have a larger sample to replicate the findings and extend them across different ethnic groups. In addition, future examinations should seek equal representation across the academic spectrum (i.e., freshman, sophomore, junior, senior). Another potential limitation is a selection bias. Once the potential participant viewed the content of the survey, he or she may have discontinued with the assessment due to mathematical/statistical anxiety. While the two orders of presentation of the materials (i.e., STARS/SNS then the QL assessment, and QL assessment then the STARS/SNS) did not cause any differences on overall score, time spent with the assessment open, or the anxiety measure, future studies might further explore this possibility.
Concluding Remarks
The QL measure that resulted from the current study is easy to administer at a midsize university. It may also be possible to implement the QL assessment at other sized universities that want to augment their current practices. The measure is internally consistent and performed as predicted against a measure of statistical/mathematical anxiety and a measure of subjective numeracy. Furthermore, assessing the QL of a university's students can help inform the development of QL initiatives; these initiatives can also push students one step closer to being quantitative literate adults. While one would presumably never be proud to say that they cannot read, there is wide social acceptability of dismissing quantitative concepts by saying, "I am not good with numbers."
Miami University intends to use this assessment for several purposes. First, the assessment will be used to establish a baseline level of our students' QL skills. Second, as a result of the QL FLC and the QL assessment process, the College of Arts and Science at Miami University adopted a QL requirement in their divisional standards. The QL assessment will be used to evaluate the effectiveness of the requirement over time. Finally, we will use the data to gauge the level of QL among the Miami University students. At the beginning of each fall semester, the QL assessment is being collected. With more quantitative literacy initiatives and assessments to measure and improve those initiatives, we hope to graduate seniors who feel confident with their numerical ability and thereby increase the number of adults with sufficient QL abilities.
